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Question 1. 
The Marquis test is a commonly used presumptive colour test. 
A. Explain how this test is carried out, include reagents and all aspects of the procedure in your 
answer. 


B. What would you expect to observe if heroin was present? 


o) 


. What further tests would be required to provide a definitive identification of heroin? 
D. What steps would be taken/information gathered to profile the sample? 
(10 marks) 


Question 2. 


LSD is a semisynthetic hallucinogenic drug 


A. LSD is commonly encountered in tab, gel, microdot and candy forms rather than as a powder. 
Why is this? 


B. The analysis of LSD poses some analytical and health and safety challenges. Outline what 
these are. 


C. Infrared spectrometry 1s commonly used in the identification of LSD. However pure samples 
are required for this. Explain how a pure sample of LSD can be isolated from a small sample 
(e.g. 1 or 2 tabs). What property of LSD makes this method possible? 


(7 marks) 


Question 3. 


Cocaine is a stimulant drug extracted from the coca leaf commonly encountered in the HCI salt form 
or as the freebase “crack” form 


A. Explain and rationalize each step in the process described below by which cocaine is 


extracted from coca leaves. The structure of cocaine is provided. 


Q CH 
Crush leaves and add aqueous acid 
Filter H3C—N O 
Add organic solvent and shake O 


Discard organic layer 
Add base to aqueous layer 
. Filter O 
Optional step 

g. Dissolve in organic solvent and bubble HCI gas through solution 


h. Filter 


~o Boge 


B. Coca leaves are often pretreated before extraction. Explain what this involves and why it is 


done. 
(8 marks) 
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Question 4. 
A 59 kg girl is admitted to hospital having ingested 3.11 g of GHB. Given the data below answer the 
following questions: 

A. What was the Peak plasma concentration (in mg L')? 

B. Calculate the elimination rate constant. 


C. Calculate the length of time between the blood test and ingestion of the drug (in minutes). 


Show your working 

Volume of Distribution = 0.58 L kg” 
Bioavailability = 65% 

ti. = 30 mins 

Cp is reached 20 minutes after ingestion 


Plasma Concentration at time of blood test = 7.9 mg L" 


__D 0,693 
Me pases ee InC, =InC, —Kt 


(5 marks) 
Question 5. 

A. How would you formulate an explosive consisting of TNT (oxygen balance = -74%) and 
ammonium nitrate ammonium nitrate (oxygen balance = +20%) to achieve an oxygen 
balance of zero? 

B. Explain how competitive immunoassays can be used to detect and quantify explosives. 


Include a diagram in your answer. 
(8 marks) 


Question 6. 

A. An important aspect of fire investigation is the determination of the cause of the fire as 
accidental or deliberate. Describe five observations and/or evidence items that would indicate 
that a fire may have been started deliberately. 

B. What sampling, extraction, and instrumental methods would you use to analyse the evidence 
for traces of accelerants. 

C. What processes during the fire might lead an investigator to suspect multiple points of origin 


(and therefore arson) even if there was only a single, accidental source? 


(12 marks) 
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Question 7. 
A. Explain the chemistry behind the restoration of filed off serial numbers using acid and 


chemical etching. 

B. Describe one common analytical technique used to definitively identify GSR. What 
advantage does this method have over presumptive tests (e.g. Walker or Modified Griess 
test)? 


C. What are the three elements used to definitively identify the presence of gunshot residue? 
(10 marks) 


Question 8. 
While investigating a forged will, TLC analysis was performed on ink samples taken from the will, a 


pen taken from the suspect’s residence, and a calibration standard. 
A. The TLC separation was carried out on a silica plate using an ethyl ayy 
N oH 
acetate (50%) / ethanol (25%) / water (25%) mobile phase. One of the N’ NN 
sample spots (R- = 0.20) was later identified as a non-polar ee es 
N 

phthalocyanine dye (right). What would happen to the A; of this 
compound if the mobile phase was changed to ethyl acetate (50%) / hexane (50%)? Why’? 

B. Why was a calibration standard used? 


C. A second spot, believed to contain either rhodamine 6G or rhodamine B, was extracted from 
the TLC plate and analysed using mass spectrometry. The dyes have identical empirical 
formulas (C2g3H3;N203Cl) and molecular weights (479.01 g mol’). With reference to the 
structures below, how can you expect to distinguish between the two dyes using mass 


spectrometry? 


Rhodamine 6G Rhodamine B 


(15 marks) 
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Question 9. 


A. 
B. 


Why are Ninhydrin and Diazafluorenone often used in sequence when analysing fingerprints? 
What is the advantage of treating the surface with a zinc or cadmium salt before analysis with 
Ninhydrin’? 


Why are fingerprints on non-porous surfaces most susceptible to damage? 


(10 marks) 


Question 10. 


Glass and fibre samples were collected from a crime scene and a suspect’s clothing. 


A. 


D. 


Using index of refraction measurements, it was determined that the glass fragments could 
have been from the same source. Why 1s this analysis not definitive? 

Following the initial index of refraction measurements, additional measurements were made 
on the glass using XRF and ICP-MS. Briefly describe each technique and, without 
considering cost, list an advantage and disadvantage of each technique when used for the 
analysis of forensic samples. 

The fibre samples were analysed using Pyr-GC-MS. What is pyrolysis and why was this step 
necessary? 


In Pyr-GC-MS, how 1s retention time analogous to Rk; in TLC analysis? 


(15 marks) 


A periodic table has been supplied on Page 6 
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Period 


THE PERIODIC TABLE 


18/VIII 


1 2 
H He 
1 2 1.008 Be fy i Iv 12 “ef VI oF a 4.003 
3 4 10 
2! Li | Be Ne 
6.941 | 9.012 or 81 ie 01 A 01 Py 00 rH a 20.18 
12. | 14 is e 18 
Ai i Si Cr Ar 
101 12__| 26.98 | 28.09 ny 97 - 07 | 35.45 | 39.95 
S 20 fi 53 : 7 rc fe a 2a { 29 { 30 {| 31 [| 32 7 33 [ 34 | 35 | 36 
Ca | Sc | Ti Cr jMn]| Fe ; Co! Ni | Cu | Zn | Ga! Ge! As | Sei Br | Kr 
93 0 aa. 08 | 44.96 7 7 50. see $2.00 es 2 = 7 $9.99 at 7 be 65. 5.39 $9 te 22 7 74 7 78 se 79.90 | 83.80 
a i 54 
Rb Sr 7 Mo Te Ru Rh Pd | Ag Cd in Sn Sb Te Xe 
85.47 a. a a 91 | 91.22 95.94 | 98.91 | 101.1 | 102.9 | 106.4 | 107.9 | 112.4] 114.8 { 118.7 | 121.8 | 127.6 ne 131.3 
55 ae 74 | 75 [ 76 | 77 | 7a | 79 | 80 | 81 82 | 83 | 84 | 85 | 86 
Cs Ba iG Hf Ta W |; Re | Os | fr | Pt | Aut Hg Tl {| Pb! Bi | Po | At ! Rn 
132.9 182 3 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 | 210.0 | 210.0 | 222.0 
87 Ac- {104 [ 108 | 106 | 707 [408 | 109 
Fr Ra | Ung | Unp | Unh | Uns |Uno | Une}...... 
223.0 | 226.0 


57 = 66 7 | 6s | 69 1 
Lanthanides {| La | Ce Dy | Ho } Er | Tm Lu 
138.9 | 140.1 aa ] phe 2 fi Le it 4 1 2 8 3 | 162.5 | 164.9 | 167.3 | 168.9 uP 0 | 175.0 


gg; 90 | 91 ? 98 | 99 | 100 | 101 | 102 | 103 
Actinides Ac | Th | Pa Np Py ree Cm Bk Cf | Es |Fm|Mdi No} Lr 
227.0 | 232.0 | 231.0 a 237.0 | 239.1 | 241.1 | 244.1 | 249.1 | 252.1 | 252.1 | 257.1 | 268.1 | 259.1] 262.1 
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result in the cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper has been returned. 


